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1
BROADBAND OPTICAL FIBER

FIELD OF THE INVENTION

The present mvention relates to an optical fiber that 1s
suitably used for wavelength division multiplexing (WDM)
optical transmission system.

RELATED ART

An optical fiber with a primary silica content and a
germanium-doped core 1s 1n widespread use. For increasing
the transmission capacity of optical fiber 1n action, a tech-
nique of performing WDM optical transmission 1s actively
studied. In recent years, an optical transmission system
using Raman amplification 1s also studied.

As to the Raman amplification, it 15 known that the
maximum value of a Raman gain 1s obtained some 100 nm
on the longer wavelength side with reference to a pumping
light source wavelength. By utilizing this phenomenon, an
attempt has been made to amplify WDM signal light with a
plurality of pumping light sources having different wave-
lengths (hereinafter referred to as the “wavelength multi-
plexed pumping light source”™).

Here, 1n order to prevent the pumping light on the longest
wavelength side of the wavelength multiplexed pumping,
light source overlapping signal light of a WDM signal on the
shortest wavelength side, 1t 1s required that the wavelength
band of the wavelength multiplexed pumping light source 1s
equal to or less than 100 nm.

For example, when signal light in a wavelength band of
1530 nm to 1565 nm (generally called the “C-Band”) and
signal light 1n a wavelength band of 1565 nm to 1625 nm
(generally called the “L-Band”) are simultaneously
amplified, the maximum wavelength band of the wavelength
multiplexed pumping light source becomes around 95 nm 1n
a range of around 1430 nm to 1525 nm. Consequently, it 1s

possible to perform Raman amplification simultaneously at
C-Band and L-Band.

Also, 1n order to realize an optical transmission system
using the Raman amplification, it 1s required that no unre-
coverable waveform distortion occurs at a repeater and a
receiving station (terminal). To this end, it 1s required to
suppress a nonlinear phenomenon 1n an optical transmission
line and to reduce cumulative dispersion in the optical
fransmission line.

Meanwhile, as to an optical transmission line used 1n an
optical transmission system using the Raman amplification,
active studies are being made on the use of a conventional
single-mode optical fiber (SMF) having zero dispersion at a
wavelength of around 1.3 um, an optical fiber with high
refractive index of its core (such as an optical fiber (NZDSF)

having small dispersion at a wavelength of around 1.55 ym),
and the like.

However, the effective area (A, ) of the SMF is around 80
um?, relatively large; and its Raman amplification efficiency
1s low. Therefore, 1W or higher total optical power of the
wavelength multiplexed pumping light source 1s required to
provide Raman amplification. Consequently, there 1s a prob-
lem that this optical fiber 1s uneconomical.

Also, the NZDSF 1ntrinsically has large Rayleigh scatter-
ing 1n comparison with the SMF described above because
the refractive index of its core 1s high and the relative
refractive index difference between the core and a cladding
region 1s set to around 1% or the like. If an optical fiber like
this having a high Rayleigh scattering coeflicient 1s used for
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the Raman amplification, so-called double Rayleigh scatter-
ing tends to occur: a noise component scattered rearward 1s
next scattered frontward and overlaps a signal. Also, the
signal-to-noise characteristic (SNR) tends to be deteriorated.

Also, 1 order to avoid a four wave mixing (FWM)
problem, the NZDSF 1s designed to disallow the zero-
dispersion wavelength exist in a signal band or a pumping
light band. However, the occurrence of another nonlinear
phenomenon due to the mput of high-power light becomes
a problem. In many cases, a dense WDM (DWDM) trans-
mission system 1s applied to a long-distance trunk system
and an extremely high transmission speed 1s generally used
in such cases. Consequently, 1t 1s required to suppress a bit
error rate (BER) to an extremely low level, so that if there
exists the nonlinear phenomenon problem described above,
it becomes difficult to apply the NZDSF to the Raman
amplification 1 the DWMD transmission system.

Also, as an optical fiber that 1s applicable to the optical
fransmission system using the Raman amplification, there
may also be conceived a dispersion-flattened optical fiber
(DFF) of which dispersion in the wavelength band of signal
light takes almost a constant value.

A tangible example of the DFF 1s an optical fiber dis-
closed 1n Japanese Laid-Open Gazette JP 11-84159 A. This
optical fiber 1s characterized 1n that the mode field diameter
at a wavelength of 1550 nm 1s roughly equal to or more than
8.6 um (if converted into A_ g, this value becomes around 60
um” or higher).

However, the efficiency of the optical fiber disclosed 1n JP
11-84159 A 1s st1ll low from the viewpoint of providing the
Raman amplification, although the efficiency 1s not so low
when compared with the SMF described above. Therefore,
it 1s 1mpossible to significantly reduce the total power of the
wavelength multiplexed pumping light source, so that the
uneconomical problem still remains.

Additionally, an optical fiber of a type, differing from the
NZDSE, DFE, and the like described above, 1s usable 1n a

wide wavelength band, 1s disclosed 1n Japanese Laid-Open
Gazette JP 2000-221352, for instance.

However, the optical fiber disclosed 1in JP 2000-221352 A
1s mainly designed to transmit signal light in both of 1.3 um
and 1.55 um wavelength bands and its zero-dispersion
wavelength exists in a range of 1.37 um to 1.50 um (all of
the zero-dispersion wavelengths 1llustrated 1 the specidic
example exist on the longer wavelength side than 1.41 gm).
As a result, there can be occurred four wave mixing (FWM)
due to the existence of the zero-dispersion wavelength 1n the

pumping light band or 1n the proximity thereof like in the
case of the NZDSF described above.

That 1s, each optical fiber described above 1s not suitable
for providing an optical transmission system with the Raman
amplification.

SUMMARY OF THE INVENTION

The present mmvention has an object to provide an optical
fiber particularly suitable for the Raman amplification.

An optical fiber 1n the present 1nvention 1s characterized
in that an effective area at a wavelength of 1570 nm 1s 1n a
range of 35 um” to 45 um=, the absolute value of a dispersion
slope at the wavelength 1s equal to or less than 0.04
ps/nm~/km, and a dispersion value at the wavelength is in a
range of 5 ps/nm/km to 10 ps/nm/km.

The optical fiber described above has a refractive imndex
proiile containing one or more annular region between a
center core and a cladding region, the maximum relative
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refractive index difference Al (index difference between the
maximum Index of the center core and the index of the
claddmg) 1s made to be 1n a range of 0.55% to 0.7%, and the
minimum relative refractive index difference A2 (mdex
difference between the minimum index of an annular region

and the index of the cladding) is made 1n a range of —0.7%
to —-0.5%.

It 1s desirable that the optical fiber has a refractive index
proille containing one or more annular region between the
center core and the cladding region and, when the outside
diameter of the center core 1s referred to as “a” and the
outside diameter of the annular core 1s referred to as “b”, the
value of b/a 1s 1n a range of 1.2 to 1.5.

Further, 1t 1s desirable that the value of “b” 1s 1n a range
of 9 um to 12 um.

According to another aspect of the mvention, the optical
fiber comprises a center core, cladding and annular regions
between the center core and cladding and has characteristics
of A1=0.7% where Al 1s the relative index difference
between the maximum index of center core and the index of
cladding at an optical signal wavelength of 1570 nm and
A =45 um” where A_p 1s the elfective area. The optical
fiber 1s further defined by the following characteristics;

A1=20.55%
-0.7%=A2=-0.5%
1.2=b/a=1.5

O um=b=12 um,
where A2 1s the relative mndex difference between the mini-
mum 1ndex of annular region and the index of cladding, “a”
1s a diameter of the center core and “b” 1s the outside
diameter of the annular region.

As addltlonal characteristics, A_,1s larger than or equal to
35 um?, and an absolute value of dispersion slope and a
dispersion at a wavelength of 1570 nm are respectively less
then or equal to 0.04 ps/nm“/km and in the range of 5
ps/nm/km to 10 ps/nm/km.

The present mvention configures a new optical transmis-
sion system comprising an optical signal transmitter, optical
signal receiver optical transmission line, pumping light
source and optical multiplexer for mtroducing a pumping
light from the source into the optical transmission line to
Raman-amplily an optical signal on the optical transmission
line, wherein at least part of the optical transmission line
comprises the optical fiber as defined either one of the
above.

In the optical transmission system, the optical transmis-
sion line comprises a first optical transmission line of optical
fiber as defined in the above (e.g., the optical fiber
length=100 km) and a second optical transmission of
another type of optical fiber.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of showing the refractive
index profile and sectional view of one embodiment of
optical fiber.

FIG. 2 1s a block diagram of 1llustrating one embodiment
of optical transmission system.

DESCRIPTION OF THE REFERRED
EMBODIMENTS

An embodiment of the present invention will be described
with reference to the drawings.

FIG. 1 1s an explanatory diagram showing an example of
the refractive index profile and the sectional construction of
the optical fiber, as an embodiment of the present invention.
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In FIG. 1, the upper portion shows the refractive index
proille and the lower portion shows the sectional construc-
tion. Also, reference numeral 1 denotes a center core, 2 an
annular region, and 3 a cladding region. The center core 1
has the maximum relative refractive index difference Al
with respect to the cladding region 3 (index difference
between the maximum index n, of the center core and the
index n, of the cladding region; A1(%)=((n,"-n,)/2n_x
100). Also, the annular region 2 has the minimum relative
refractive index difference A2 with respect to the cladding
region 3 (index difference between the minimum index n, of
the annular core region and the imndex n_ of the cladding
region; A2(%)=(n,"-n_%)/2n_~x100). Here, in FIG. 1, A1>0,
A2<0, and the boundary between the center core 1 and the
annular region 2 1s a part 1n which the refractive index
proille curve becomes the refractive mdex of the cladding
region 3. Note that the illustration of the periphery of the
cladding region 3 1s omitted 1n FIG. 1.

The optical fiber of the present invention 1s not limited to
the construction shown 1n FIG. 1 and the scope of the present
invention contains an optical fiber that satisfies conditions
that an effective area at a wavelength of 1570 nm 1s 1n a
range of 35 um” to 45 um?, the absolute value of a dispersion
slope at the wavelength 1s equal to or less than 0.04
ps/nm~/km, and a dispersion value at the wavelength is in a
range of 5 ps/nm/km to 10 ps/nm/km.

Here, the above characteristics are determined at the
wavelength of 1570 nm because, 1n this case, 1t becomes
casy to apply the optical fiber to a dense WDM (DWDM)
optical transmission system at both of C-Band and L-Band
described above. In reality, if the characteristics are deter-
mined at the wavelength of 1570 nm, there 1s extremely
increased the possibility that the optical fiber becomes an
optical fiber that 1s useful in both of the C-band and L-band.
More specifically, 1n order to balance the characteristics
having a large wavelength dependency such as the disper-
sion characteristic, in the case of assuming the use 1n both
of the C-Band or L-Band, 1t 1s desirable that the character-
istics are determined at the wavelength of 1570 nm.

Considering the nonlinear phenomenon 1n the optical fiber
and the Raman efficiency, it 1s desirable that the effective
arca at the wavelength of 1570 nm falls within a range of 35
um” to 45 um”.

Considering chromatic dispersion difference on the wave-
length region, 1t 1s desirable that the absolute value of the

dispersion slope at the wavelength of 1570 nm 1s set so as
to be equal to or less than 0.04 ps/nm~/km.

Considering FWM (Four Wave Mixing) and the cumula-
five dispersion, it 1s desirable that the dispersion value at the
wavelength of 1570 nm falls within a range of 5 ps/nm/km
to 10 ps/nm/km.

Additionally, 1t 1s desirable that the optical fiber of the
present 1nvention has the following constructions so that the
conditions described above are satisfied.

(1) The optical fiber has a refractive index profile con-
taining one or more annular region between the center core
1 and the cladding region 3, the maximum relative refractive
index difference A1l (index difference between the maximum
index of the center core 1 and the index of the cladding
region 3) is in a range of 0.55% to 0.7%, and the minimum
relative refractive index difference A2 (mdex difference
between the minimum index of the annular region and the

index of the cladding region 3) is in a range of —0.7% to
-0.5%.

(2) The optical fiber has a refractive index profile con-
taining one or more annular region between the center core
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and the cladding region and, when the outside diameter of
the center core 1s referred to as “a” and the outside diameter
of the annular core 1s referred to as “b”, the value of b/a 1s
in a range of 1.2 to 1.5.

(3) In the construction (2) described above, the value of
“b” 1s mm a range of 9 um to 12 um.

Also, where an optical fiber according to this embodiment
1s used for the Raman amplification, 1t 1s desirable that the
zero-dispersion wavelength 1s not arranged within a signal
light wavelength band and a pumping light wavelength band
from the viewpoint of suppressing the occurrence of the
FWM.

For example, where the signal light wavelength band 1s
the C-Band and L-Band, it 1s desirable that the optical fiber
has a dispersion value of at least 2 ps/nm/km 1n a wavelength
band of 1430 nm to 1625 nm and 1t 1s also preferable that the

zero-dispersion wavelength 1s arranged out of the wave-
length band of 1400 nm to 1650 nm.

Also, where an optical fiber according to this embodiment
1s used for the Raman amplification, 1t 1s desirable that a
single-mode operation 1s performed 1n the signal light wave-
length band and the pumping light wavelength band.
Theretore, it 1s preferable that the cutofl wavelength of an
optical fiber according to this embodiment exists on the

shorter wavelength side than the pumping light wavelength
band.

For example, where the 51gnal light wavelength band 1s
the C-Band and L-Band, it 1s desirable that the cutoff
wavelength exists on the shorter wavelength side than the
wavelength of 1430 nm and 1t 1s more desirable that the

cutofl wavelength exists on the shorter wavelength side than
the wavelength of 1400 nm.

On the other hand, there 1s a tendency that if the cutoft
wavelength 1s shifted to the short wavelength side too much,
the bending loss of the optical fiber 1s increased 1n the signal
light wavelength band and the pumping light wavelength
band. Therefore, where the 51gnal light wavelength band 1s
the C-Band and L-Band, it i1s desirable that the cutofl
wavelength exists on the longer wavelength side than the
wavelength of 850 nm.

An embodiment of the optical fiber of the present mnven-
tion has been described above. Next, there will be described
an opfical transmission system 1n which an optical fiber
according to this embodiment 1s used.

FIG. 2 1s an explanatory diagram showing an example of
a WDM transmission system 1n which an optical fiber
according to the present invention i1s used. In FIG. 2,
reference numeral 21 denotes an optical signal transmitter,
numeral 22 an optical signal receiver, numeral 23 a wave-
length multiplexed pumping light source, numeral 24 an
optical multiplexer, and numerals 25 and 26 optical trans-
mission lines using optical fibers. Also, an optical fiber
according to the present invention 1s used for at least part of
the optical transmission line 25. Note that it 15 possible to use
an optical fiber according to the present invention for at least
part of the optical transmission line 26 and to use a trans-
mission optical fiber of another type for the other transmis-
sion line.

The wavelength multiplexed pumping light source 23 1s
constructed so as to mclude a plurality of pumping light
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sources having different wavelengths. Also, the optical mul-
tiplexer 24 1s, for 1nstance, constructed from a WDM filter
such as a dichroic mirror or a WDM coupler, and realizes a
function of sending pumping light from the wavelength
multiplexed pumping light source 23 to the optical trans-
mission line 25. With this construction, the Raman ampli-
fication 1s performed in the optical transmission line 235.

In general, a conformation, 1n which the Raman amplifi-
cation 1s performed using the wavelength multiplexed
pumping light source 23, the optical multiplexer 24, and the
optical transmission line 25 1 FIG. 2, 1s called a “distribu-
tion type”. Also, an area 27 that 1s surrounded by the broken
line 1n FIG. 2 and includes these construction elements 1s
called the “distribution optical Raman amplifier” n some
cases.

In FIG. 2, it should be noted here that the optical trans-
mission line 25 and the optical transmission line 26 are
expediently distinguished from each other. That 1is,
illustratively, a portion 1n which the Raman amplification 1s
substantially performed, 1s distinguished from a portion in
which the Raman amplification i1s not substantially per-
formed. Therefore, the optical transmission line 25 and the
optical transmission line 26 may be made of the same kind
of optical fibers that are the optical fiber according to the
present invention. Alternatively, the optical transmission
line 25 1s made of the optical fiber according to the present
invention and the optical transmission line 26 1s made of the
other kinds of optical fibers.

Here, the optical transmission line 25 1 FIG. 2 directly
relates to the Raman amplification, so that 1t 1s particularly
required that the optical fiber used for the optical transmis-
sion line 25 has a small Rayleigh scattering coeflicient and
higch Raman efficiency.

Also, as described 1n the explanation of the optical fiber
according to this embodiment, it 1s also desirable that the
zero-dispersion wavelength 1s not arranged 1n the signal
light wavelength band and the pumping light wavelength

band from the viewpoint of suppressing the occurrence of
the FWM.

It 1s difficult to meet these requirements with the conven-
tional optical fiber. However, by applying the optical fiber
according to the present invention to the optical transmission
line 25, 1t becomes possible to meet the requirements
described above. Therefore, it can be understood that the
optical fiber according to the present invention 1s suitable for
the Raman amplification.

EXAMPLES OF EMBODIMENT

The present invention will be described 1n detail below
based on specific examples.

Optical fibers of examples of embodiment according to
the present 1nvention and an optical fiber of a comparative
example are shown 1n Table 1. Note that the unit of Al and
A2 18 %, the unit of the outside diameter “b” of an annular
region (“b” 1s cladding inside diameter for the comparative
example) is #m, the unit of dispersion is ps/nm/km, the unit
of the dispersion slope is ps/nm~/km, the unit of the cutoff
wavelength A . and the zero-dispersion wavelength A, 1s nm,
and the unit of A_. 1s um®. The values of the dispersien,
dispersion slope, and A_g being values are obtained at the
wavelength of 1570 nm.
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TABLE 1

Dispersion
Al A2 b/a b Dispersion  slope A,
Example 1 0.63 -0.65 1.30 10.30 8.4 0.026 971
Example 2 0.63 -0.70 1.30 10.00 5.8 0.016 940
Example 3 0.63 -0.60 1.30 10.20 7.6 0.027 966
Example 4 0.63 -0.50 1.30 10.20 7.8 0.032 976
Example 5 0.55 -0.65 1.30 10.60 7.1 0.017 928
Example 6 0.70 -0.65 1.30 9.80 7.0 0.026 980
Example 7 0.63 -0.65 1.50 11.20 7.5 0.006 912
Example 8 0.63 -0.65 1.20 9.60 7.7 0.035 989
Comparative  0.36 — — 8.00 18.0 0.055 1280
example

In Table 1, all of the optical fibers of the examples 1-8 of
embodiment according to the present invention satisty the
conditions that the effective area at the wavelength of 1570
nm is in the range of 35 um* to 45 um?, the absolute value
of the dispersion slope at the wavelength 1s equal to or less
than 0.04 ps/nm*/km, and the dispersion value at the wave-
length 1s 1in the range of 5 ps/nm/km to 10 ps/nm/km. These
conditions are satisfied, so that the optical fibers of the
examples 1-8 are suitable for the Raman amplification. In
Table 1, the comparative example 1s an SMFE.

Test of Transmission Lines

An optical transmission test was conducted for the WDM
optical transmission system in FIG. 2 by using the optical
fibers 1n Table 1 as the optical transmission line 235.

Here, 1n this test, the distance between the optical signal
transmitter 21 and the optical signal receiver 22 was set at
around 100 km, 16 waves of a light signal of 40 Gbps/ch
were arranged at even intervals within a wavelength band of
1540 nm to 1564 nm (within the range of the C-band), and
the signal light level in the optical signal receiver was set to
be constant 1n each test. Also, the wavelength and power of
cach light source contained 1n the wavelength multiplexed
pumping light source 33 were adjusted so that there was
obtained a relatively flat gain-to-wavelength characteristic
(with deviation being within a range of at least 1 dB).

As to the arrangement of light signals, the test was also
conducted for a case where 16 waves of a light signal of 40
Gbps/ch were arranged at even intervals within a wave-

length band of from 1580 nm to 1604 nm (within a range of
the L-Band).

The types of optical fibers used for the optical transmis-
sion line 25, the pumping ligcht power, and results of the
optical transmaission test in Example 1, Example 5, Example
6, and the comparative example are shown 1n Table 2. Note
that the pumping light power 1s the total power and 1ts unit
1s mW. As to the indication of the results of the optical
transmission tests, each result where the value of BER 1n the
optical signal receiver was not lowered to below 10" when
a signal having the value of BER of around 107 was
transmitted through the optical transmission system in FIG.
2 1s given a mark “O” and each result where the BER value
was lowered to below 10~ when the signal was transmitted
therethrough 1s given a mark “X”.

The measurement standard for BER 1s defined by ITUT
G. 821. In the measurement system, a pulse pattern genera-
tor sends a bit pattern through an optical transmission line to
measurement apparatus for BER. The measurement appa-
ratus checks the transmitted bit pattern by comparing 1t with
the bit pattern stored therein to determine BER for the
optical transmission line.
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}“c:- AEE
1365 40
1387 40
1378 41
1388 42
1368 45
1387 37
1344 36
1394 43
1310 90
15
TABLE 2
Pumping Result
20
Fiber light power C L
Example 1 400 O O
Example 5 450 O O
Example 6 350 O O
o Comparative 1600 X X
Example

It can be understood from the results 1n Table 2, the
optical transmission system 1n FIG. 2 that uses the optical
fibers of the examples 1, 5 and 6 according to the present
invention are more suitable for the Raman amplification than
a case where the optical fiber of the comparative example 1s
used.

In the case where the optical fibers of the examples 1, 5
and 6 are compared with the optical fiber of the comparative
example, A_, of the examples 1, 5 and 6 is smaller than that
of the comparative example, so that the Raman efficiency 1is
improved 1n the optical transmission system 1n FIG. 2.

That 1s, as shown 1n Table 2, 1t can be understood that the
optical transmission system using the Raman amplification
1s preferably realized by the optical fibers of the examples
1-8 1n Table 1. It can also be understood that the optical fiber
cited as the comparative example 1s not suitable for the
Raman amplification.

What 1s claimed 1s:

1. An opftical fiber comprising a core and cladding and
having characteristics in that:

an effective area A g at a wavelength of 1570 nm 1s 1n a
range of 35 um” to 45 um=;

an absolute value of a dispersion slope at the wavelength
is equal to or less than 0.04 ps/nm*/km; and

a dispersion value at the wavelength 1s 1n a range of 5

ps/nm/km to 10 ps/nm/km.
2. An optical fiber according to claim 1, wherein:

a dispersion of the optical fiber 1s no less than 2 ps/nm/km
over a wavelength range between 1430 nm and 1625
nm;

a zero-dispersion wavelength of the optical fiber 1s out of
a wavelength range between 1400 nm and 1650 nm.

3. An optical fiber according to claim 2, wherein a cutoft

wavelength of the optical fiber 1s shorter than 1430 nm.

4. An optical fiber according to claim 1, comprising at

least one annular region of relative indexes between a center
core and a cladding region;

a relative mdex difference Al of the maximum index of
said center core to the index of said cladding region 1s

in a range of 0.55% to 0.7%; and




US 6,795,628 B2

9

a relative 1index difference A2 of the minimum index of
said annular region to the mndex of said cladding region
1s 1n a range of -0.7% to -0.5%.

5. An optical fiber according to claim 4, wherein when a
diameter of the center core 1s referred to as “a” and an
outside diameter of the annular region 1s referred to as “b”,
a value of b/a 1s 1n a range of 1.2 to 1.5.

6. An optical fiber according to claim 5, wherein a value
of said outer diameter “b” 1s 1n a range of 9 um to 12 um.

7. An optical transmission system of wavelength division
multiplex (WDM) comprising an optical signal transmitter,
optical signal receiver, optical transmission line, pumping
light source and optical multiplexer for introducing a pump-
ing light from the source 1nto the optical transmission line to
Raman-amplify an optical signal on the optical transmission
line, wherein

at least part of the optical transmission line comprises one
type of the optical fiber as recited mn claim 1.

8. The optical transmission system of WDM according to
claim 7, wherein the optical transmission line further com-
prises another type of optical fiber.

9. An optical transmission system of WDM according to
claim 7, wherein the length of the optical transmission line
1s less than or equal to 100 km.

10. An optical transmission system of WDM according to
claim 7, wherein the cutoff wavelength of the optical fiber 1s
shorter than that of the pumping lights.

11. An optical fiber comprising a center core, cladding and
annular region between the center core and cladding and
having a relative refractive index difference Al of less than
or equal to 0.7% where Al 1s the relative index difference of
maximum refractive index of said center core to the refrac-
tive index of said cladding region and A_g less than or equal
to 45 ym* at an optical signal wavelength of 1570 nm where
A_g1s the effective area, wherein the optical fiber further is
defined by the following characteristics;

A1=20.55%
-0.7%=A2=-0.5%
1.2=b/a=1.5

O um=b=12 um,
where A2 1s the relative mdex difference of the minimum
refractive index of said annular region to the refractive index
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of said cladding region, “a” 1s a diameter of said center core
and “b” 1s an outside diameter of said annular region.

12. An optical fiber according to claim 11, wherein A_ 18
larger than or equal to 35 um”.

13. An optical fiber according to claim 12, wherein an
absolute value of dispersion slope and a dispersion under the
optical signal wavelength of 1570 nm are respectively less
than or equal to 0.04 ps/nm*/km and in the range of 5
ps/nm/km to 10 ps/nm/km.

14. An optical fiber according to claim 11, wherein:

a dispersion slope of the optical fiber at a wavelength of
1570 nm is no more than 0.04 ps/nm~/km in absolute
value;

and a dispersion of the optical fiber at a wavelength of
1570 nm 1s 1n the range of 5 ps/nm/km to 10 ps/nm/km.

15. An optical fiber according to claim 11, wherein a
dispersion 1s at least 2 ps/nm/km 1n the wavelength range of
1430 nm to 1625 nm and a zero-dispersion wavelength 1s out
of the wavelength range of 1400 nm to 1650 nm.

16. An optical fiber according to claim 11, wherein a
cutoff wavelength of the optical fiber 1s shorter than 1430
nim.

17. An optical transmission system of wavelength divi-
sion multiplex (WDM) comprising an optical signal
transmitter, optical signal receiver, optical transmission line,
pumping light source and optical multiplexer for introducing
a pumping light from the source 1nto the optical transmission
line to Raman-amplify an optical signal on the optical
transmission line, wherein

at least part of the optical transmission line comprises one
type of the optical fiber as recited 1 claim 11.

18. The optical transmission system of WDM according
to claam 17, wherein the optical transmission line further
comprises another type of optical fiber.

19. An optical transmission system of WDM according to
claim 17, wherein the length of the optical transmission line
1s less than or equal to 100 km.

20. An optical transmission system of WDM according to
claim 17, wherein the cutoif wavelength of the optical fiber
1s shorter than that of the pumping lights.
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